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SUMMARY
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??? INTRODUCTION
The iconic history of the MYC oncop-
rotein encompasses three decades 
??? ? ????????? ??????????????????????? ???
no question that MYC has been a pi-
??????? ??????? ?????? ? ?? ??? ? ??? ????
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molecular basis of cancer, as well as 
?????? ?? ?? ??? ???????? ??? ???????? ??-
???????? ? ?? ?????????????????????? -
tory mechanisms.
By analyzing all the published articles 
on MYC, two major themes emerge: 
?????? ???? ?????????? ????? ?? ?? ????
????????????????? ?? ??????? ? ? ??? ???
cells; second, the role of MYC as on-
coprotein when its regulation is lost (1).
Identification of MYC 
??????? ? ???????????????? ???????? ? ?-
???? ??????????????????????????????-
mote a spectrum of malignancies, in-
cluding myelocytomas, sarcomas and 
carcinomas. 
This ability to induce carcinomas was 
of particular interest. The transforming 
????????? ??? ????? ???? ? ???????? ???
??????? ???? ?????? ???? ????????-
????????????????????? ????? ????????????
found to present in the cells as a 110 
?????????????????? ???
Consistent with the notion that onco-
?????????? ???????? ???????????????????
???????? ? ??????? ???????? ? ????????
soon after in normal cells from many 
????? ??? ????????????????????? ????????
reinforced the startling realization that 
oncogenic transformation could be 
?????????????????????? ??????????? ? ??
????????????
?? ??????? The structural domains of human MYC.
The MYC family of transforming 
oncoproteins 
MYC?????????? ? ??????????????????? ? ??
????? ??????? ????????????????? ? ??
??? ?????????????? ????????? ?????????-
tation of human MYC is presented in 
?? ?????? Soon after, additional related 
?????????? ????? ? ????????? ???????-
ing that MYC might be part of a larger 
family of genes. Two family members, 
MYCN and ???????????? ? ???????????
???????????????????????????? ???? ??????-
?? ??????????? ????????????????????-
ly (6-11). While there is a clear role for all 
family members in tumorigenesis, there 
are some important differences that 
exist between family members. Spe-
??????????????? consistently promotes 
transformation to a lesser extent than 
the other two family members, and to 
date the mechanisms underlying this 
????? ????????? ?? ? ? ??????? ??MYCN, 
on the other hand, has been shown to 
be functionally interchangeable with 
MYC?? ?????? ?????????????????????-
eration of a knock-in mouse model (6). 
MYC: structure and functions
???? ???? ?????? ??? ??? ?? ??? ???? MYC 
proto-oncogene family are expressed 
? ? ????????????????????????MYC, en-
?????????????? ?????????????? ????????
homology to the N-terminus, but lacks 
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essential domains in the C-terminus of 
the other MYC proteins, and its biology 
is poorly understood. The MYC gene is 
located on the human chromosome 
?????? ???? ??? ????????? ? ? ?????? ???????
?????? ?? ???????????????????????????-
cleotide in the second exon produces 
????? ????????? ????? ??????????? ?
???? ?????????????????? ?????? ?? ?? ? ??? -
tion start sites result in both longer and 
shorter forms of the protein. 
??? ?????????????? ????????????????????
????? ?????? ?? ?? ? ??? ???? ??? ???????
???????????????????????????????????
???????? ???? ???? ???????? ????? ???????
polypeptide, results from an internal 
translation initiated. 
The MYC protein is O-linked glycosylat-
ed and phosphorylated and these 
????????? ??? ???? ?????? ???? ?????? ?
??????????????????????????? ????????????????
that MYC ????????? ?????? ? ????? ??
?????????????????????????????? ??????????
tightly regulated. MYC gene encodes 
for a transcription factor of the basic 
helix-loop-helix leucine zipper (b-HLH-
LZ) superfamily. Traditionally the MYC 
protein is functionally referred to a 
N-terminal domain (NTD) and a C-ter-
minal domain. The N-terminal, which is 
????????????? ????? ?????????????????
????? ? ???? ??????? ??? ???? ???? ????
????? ?????????????????????????????? ?-
????????????????? ??????? ???????????
????? ? ????????? ?? ?????????? ???-
gion/helix-loop-helix/leucine-zipper 
(BR/HLH/LZ) domain (1).
The N-terminus of MYC is the major reg-
ulatory region responsible for assembly 
of the transcriptional machinery. With-
in the N-terminus there are three highly 
?????????? ?? ??????? ?????? ??? MYC 
boxes I-III which, together with the 
????? ? ??? ?????????? ?????? ???? ????
family of proteins. Of these, MYC box 
I (MBI, from approximately amino ac-
? ?? ??????? ???????????? ??? ??????? ?????
??????? ?????? ??? ?? ??? ?? ?????????
?????? ? ?????????? ?? ???? ??????????
among the different MYC family of 
?????? ?? ??????????? ???? ?? ??? ??????
two regions appear to be particularly 
? ???????? ???? ???????????? ?? ???????????
of MYC; in fact, deletion of either MBI 
or MBII, diminishes the transcriptional 
???????? ????????? ??????????? ????????-
????????
????????????? ????????? ???? ??? ?????????
????????????????? ?????? ?? ????????????-
gion only partially abolishes the trans-
forming ability of MYC while an MBII 
deletion, which is essential for the abil-
ity of MYC ??????????? ????????????????-
???????? ?? ???? ????????? ?????? ? ???????
genes, completely abolished it. MYC 
???? ??? ??????? ? ??????? ? ? ?????? ?? ?????
??????????????????????????????????????
???????????? ?????? ???????? ???????????
but not all, MYC target genes. Recent-
?????????????????????????? ????? ???????
been described, MYC box III (MBIII), 
that plays a role in transformation, lym-
phomagenesis and apoptosis. 
MYC biological activities
Cell cycle and differentiation 
?????? ?????????????? ????????? ????????
suggest that MYC might play a role in 
cell cycle progression. Ectopic expres-
sion of MYC promotes growth factor 
? ?????????? ??????????? ?? ???? ????? ????
unrelated to the ability to promote 
cell cycle progression, MYC expres-
sion also blocks differentiation. It was 
demonstrated by multiple groups and 
through a number of models that MYC 
down-regulation is essential for cells to 
exit the cell cycle and undergo differ-
entiation. These abilities to promote 
cell proliferation and block differenti-
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??? ?? ????? ???????? ?????? ?? ??? ?????
tumorigenesis and are features of ag-
?????????????????????
??????????
The ability of MYC to promote apop-
??????????? ???????????? ? ????????????-
nism to protect against inappropriate 
proliferation as a consequence of de-
????? ???? ????????????????????? ?? ????
shed considerable light on the model 
of oncogene cooperation and how 
??? ???????????? ? ????? ?????? ???????
could cooperate with MYC to promote 
????????????????????? ????????? ????-
?? ?? ???????????????????????????????
????????????????????????? ????????????
??????? ?? ?? ??? ???? ????????? ?? ? ??? ???
either of these tumor suppressors ac-
celerated tumorigenesis in mouse 
models of oncogenic MYC ?????????
????????????? ??? ????? ??? ? ??? ????????
?????????? ???????? ????? ??????????
??????????? ??? ? ?????? ?? ???? ???-
ance between pro- and anti- apoptot-
? ??????? ??? ??????????????????????
Transcriptional activation 
The C-terminus of MYC was shown to 
contain both a helix-loop-helix (HLH) 
???????????? ??? ???? ?????????????? ?
???????? ?? ?? ? ??? ??????????? ? ????
???? ????? ?????? ???? ??????? ??? ??????
???????????????????????????????????
obligate partner for MYC, with consis-
tent and abundant expression in both 
proliferating and quiescent cells, which 
was not altered in response to extra-
???? ? ????? ?????????????????????? ????????
????????????????????????? ??????????-
?????????? ?????????????? ???????????
??? ?? ????????????? ???????????? ????
?????????? ??? ????? ??? ???? ?????????
? ??????????????????????????????????? ???
cells, the MYC protein appears to inte-
?????? ?????????????? ?? ?????? ? ? ??????
??? ???? ???????????????????????? ???
?????? ??? ?????? ??? ?? ? ?? ??? ?????-
ities, including proliferation, growth, 
apoptosis, energy metabolism and dif-
??????? ?? ????????????? ?? ?????????? -
??????????????????????????????????????? -
????? ?? ???????? ????? ?? ??????????????
???????????????????????????????????????-
ly. Mitogen stimulation induces MYC 
as an immediate-early response gene, 
whose expression is essential and suf-
??? ??? ???? ???? ????? ????????? ???MYC 
????? ?? ??? ?? ??? ? ? ? ????? ???????? ???
making it one of the key players in cell 
???? ? ????? ?? ??? ????? ??? ??? ????-
?? ?????????????? ?????????? ???? ????
?????? ?????????? ?? ??????????? ????????
???????? ???? ? ????? ?? ??? ???????????
???? ???? ?????????????? ????? ??????
pathway. Hence, normal cells that 
??????????????????????? ? ????? ?????
the host organism through apoptosis, 
thereby protecting the organism from 
lethal neoplastic changes.
Transcriptional regulation 
???? ???? ????? ????????? ???? ????????
transcription of its target genes. MYC-
???? ???????? ???? ????????? ???????? -
tion by binding to E-box elements. The 
???? ?? ?? ?? ??? ???? ???????? ???-
plexes is mediated by amino terminal 
??????? ????? ????????????????????-
? ?? ???????? ? ????????? ? ??? ?????????
greatly affect or abrogate the biologi-
?????????? ????? ??????????????????????-
?? ?? ??????? ??? ???? ???????? ?? ? ???????
???? ???????????? ??? ????? ? ? ????????-
tors and protein complexes to E-box 
?? ??????? ????????????? ? ?? ??? ????
???? ???? ????? ??? ????????? ???????? -
?? ?? ?? ????? ?? ??????? ?? ?????????? ????
???????? ?????? ???? ??????? ???? ????????
acetyltransferases such as CREB-bind-
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? ???????? ????????????????? ????????
??????? ??? ?????? ????? ???? ?????? ????
bound to MYC indirectly through the 
?????? ???????? ?????? ? ????? ? ????????
????? ???? ???? ???? ?????? ????? ?????????
???? ????? ????????????????? ?????? ?
???????????????????? ???????? ?????-
??????? ??????? ?????? ??? ??? ? ??????? ??
????? ??? ??? ???? ? ?? ???? ???????? ???????
??? ??????????????????????????????????
complex to E-box sequences. Trans-
???????? ????????? ??? ???????????????
Mad-Max and Mnt-Max heterodimers, 
which repress transcription by recruit-
ing histone deacetylase complexes 
???????? ???????? ?????????????????? ?
?? ?????????????????????????????
Interestingly, only a minority of the sites 
to which MYC and Max are bound in 
vivo? ????? ?? ?????????? ??????? ??-
quence. Indeed, MYC-Max heterodi-
mers are able to recognize non canon-
? ??? ??????? ???? ?? ??? ??? ???? ?????? ???
???????????? ? ?????????????????????-
cleotides. In addition, nucleotides im-
???? ?????????? ???????????????? ???????
?????? ?? ?? ???????????? ? ???? ???????
can affect MYC-Max binding. In those 
cases, is possible that MYC and Max 
are recruited to non-consensus binding 
sites through the interaction with other 
transcription factors. One example is 
offer by Miz1, which can recruit MYC 
and Max to core promoter sequence 
????? ? ??? ?? ??????? ?????????? ????
association Max-MYC allows the in-
teractions with a number of addition-
al transcription factors and co-factors 
that modulate transcriptional acti-
???? ??????? ??? ?????, which is a core 
??????????????????????????????????????
?????????????????? ?????? ????? ?????
???? ????????? ????????????? ??? ???? ???????
genes and the recruitment depend on 
the integrity of MYC box II. Inhibition of 
?????????????????? ???? ??????? ????
oncogenesis, establishing an essential 
??? ? ???? ?????? ? ??????????????? ??????
is also part of a complex containing 
??????????????? ?? ???????? ????? ?????
????? ?????????????????????????? ???????
??????????? ??????? ??????????????? ??
in additional roles in addition to recruit-
? ??????????????????????????????????? ??
bind to MYC box II independently of 
????????????????????????????????, two 
?? ???? ?????????? ???????? ? ?????????
?????? ???????? ????????????????? ???-
modelling complexes. Both proteins 
????????? ????????? ?? ?????????? ????????
??? ?????????? ???? ???? ????????? ????
????? ????? ?????? ??? ??? ????????? ????
the foci formation by MYC and Ras 
in a primary co-transformation assay. 
MYC box II is required for interaction 
????? ?????? ??? ???? ??? ??? ???? ? ?? ?????
????????????? ???????????????????????????-
get genes in vivo??????????????????????
??? ????????? ???? ???? ????????????? ?? ???
??????????????????????????????????? ?-
ly, not all MYC target genes require the 
? ???????? ??????? ???? ??? ???? ???????? ???
suggesting that there are other mech-
???????????????????????????????? ???
In the past MYC has been considered 
?????? ??????????????????? ?? ?? ???????
????????? ??? ?????? ?? ?? ???????? ? ??-
?????????? ????? ??? ?????????? ?????????
induction. It has been recently shown 
????? ?????????????????? ?? ??????????-
?? ?????????? ??????????????????? ???????????
?????????? ???????????? ????? ??? ???
?????????????????? ?? ?????????????? ???
????????????? ????????????????? ???-
ylatransferases enzymes (DNMTs) and 
???????? ???????? ??? ??????? ??? ???-
sible cofactors in the MYC-mediated 
???????? ?? ?????????? ????????????? -
?? ??????????? ??? ??? ????????????? ??
??? ????? ? ????????? ?? ? ? ????????
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and is known to be associated with 
transcriptional repression. The three 
????????????????????? ?????????????
? ????????? ? ????????????????????-
????? ???? ???????????? ??????? ????
???????? ????????????? ???????????????
de novo methylation, DNMT1 appears 
to function primarily as a maintenance 
methylatransferase, restoring methyl-
????? ?????? ?? ???? ?? ?? ???? ????? ?-
?? ??? ???????? ????? ?? ????? ?????? ?????
DNMTs can act as corepressors to si-
lence gene expression that maintain 
chromatin in a compacted and silent 
state. Indeed, it was recently demon-
strated the ability of MYC to repress 
the transcription through recruitment 
?????????????????? ????????????? ???
indicating that MYC-dependent gene 
repression could at least partly be me-
diated by methylation of its target pro-
moters (1). 
Novel biological activities
In recent years, additional biological 
???????? ?? ?? ??? ???? ???? ????????-
ized. The renewed interest in the War-
burg effect and tumor cell metabolism 
has highlighted a new role for MYC. In 
addition to stimulating mitochondrial 
?? ????????? ???????? ? ? ????? ??? ????
????? ????? ?????? ??? ???????? ?? ??-
?? ??????? ????????? ????? ? ?????????? ??-
mine metabolism fuels cell growth and 
proliferation, which are essential for tu-
????????????????????????????????????????-
ed that tumor cells become addicted 
????? ???? ?????? ??????????? ????-
????????? ???????????????? ?? ???????? ??
?????? ?????????MYC gene can induce 
senescence in the context of the loss 
of other genes such as WRN or ?????
????????????????????????MYC to block dif-
ferentiation perhaps foreshadowed 
???? ????????? ?????????? ??? ? ??? MYC 
? ? ????? ?? ?? ???????????? ??????? ????
?????????? ?? ?? ????? ?????????????
an essential role for MYC in the normal 
????? ???????? ???????? ??? ???????-
??? ?? ? ????????????????? ??????????????
MYC? ???? ????????? ????? ? ???????? ???
??????? ???? ???????????????????????-
pression could re-program normal ter-
?? ????? ????????? ?????????? ????? ???? -
duced pluripotent stem (iPS) cells (66, 
67). While it was later shown that MYC 
was dispensable for this process (68), it 
did underscore important implications 
for deregulated MYC in initiating and 
maintaining tumor stem cells. In fact 
the stem cell signature of undifferen-
?? ???? ???? ??????????? ???????? ????
great similarity to the phenotypes of 
??????????????????????????
Genetic mechanisms of MYC targets 
deregulation
MYC transcription factor is considered 
one of the most potent oncoproteins 
in human cancer. The consequence of 
MYC dysregulation is the alteration of 
? ???????? ?? ? ?? ??? ???????? ??? ????-
ble of acting as both a transcriptional 
??????????????????????????????????????
???????????? ????????????????????????????
together accounting for at least 10% 
of the human genome (69, 70). In gen-
eral, genes targeted by MYC include 
mediators of metabolism, biosynthesis, 
???? ????? ??? ??? ??????????? ???? ?????
cycle progression (71) such that ab-
errant MYC expression is associated 
??????????????? ????????????????????? ???
???? ??????????? ????? ???????? ? ??? ???
inhibition of MYC expression reduces 
growth, promotes differentiation, and 
??????????? ?????? ??? ???? ??????? ???). 
Some of the most biologically import-
ant targets are thought to be cyclins 
and cyclin-dependent kinases (CDKs), 
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resulting in accelerated cell cycling 
????? ?????????? ?? ?? ??? ????????????
and tensin homolog (PTEN) with con-
sequent up-regulation of the phos-
???? ????? ?????? ?????????? ??? ??????
??????? ????????? ?????????? ???????
?????????? ???????????? ????????????-
tion of the proapoptotic protein and 
?????? ??????????? ???? ???????? ?? ????
??????? ???? ???????? ? ????? ????????
(77). Consistent with its potent growth 
??????? ?? ???????? ??????? ???? ??????
oncogenic transformation, and de-
????? ???? ??????????? ???????????????
is a hallmark of many human cancers. 
Indeed, by contrast to the highly reg-
ulated state of MYC and the absence 
of N-MYC and L-MYC expression in nor-
mal cells, cancer cells often harbour 
dysregulated expression of any one of 
these three MYC oncogenes. 
The MYC transcriptional network also 
includes the direct regulation of a 
? ?????????????? ? ?????????? ??? ????
oncogenic or tumor suppressor func-
tion (78-80). MYC up-regulates the on-
?????? ??? ????????? ????????????????-
???????????????? ?????????????????????
??????????????????????????????????????
oncogenic function is mediated in part 
????????????????? ?? ?????????????????
???????????????????? ?????????????? ?????
????????????????????????? ???? ? ?? ?-
?? ?? ??? ?????????? ?????? ???? ??????????
???????? ?? ?? ????? ?????? ???????????
?????? ??????????????????????????????
?????? ???????? ?? ? ?? ????? ??????????
?? ??????? ?????????? ??????? ?????-
ulate crucial functions in neoplastic 
????? ?????? ????? ??? ?????????? ???-
?????????? ???? ?? ??? ??????? ?? ?????
???? ?????? ??????????????? ??????????? ??
??? ???? ??????? ?? ??????? ??? ????? ???-
??????? ?? ?? ??? ???? ??????? ?? ??????
????? ???? ????? MYC itself is also nega-
??????? ????? ???? ??? ????? ?? ??? ?????
????? ????????? ???? ???????????? ????
??? ? ? ????? ?????????? ??? ?????? ?????? ??
???????????????????? ????? ? ??? ?????
?? ??????????? ????? ????? ?????? ??
the persistent expression of MYC and 
?????? ??????? ?? ???? ???? ????? ???-
??????????????????????????? ??????? ??????
the networks regulated by MYC and its 
target miRs are complex and suggest 
???????? ?? ??? ?????????? ?????????? ?????
may be targeted by new therapies 
?????????? ??????????????? ?????????-
???? ???? ???? ? ????? ????? ????? ?? ??
status of cancer cells, this link between 
the regulatory function of MYC? ?????
?? ???????????? ?? ???????????????
???????????? ??????????????????MYC is 
often in concert with other oncogenes 
?????????????? ?? ?? ??????????????????
(???) oncogene (88) and Epstein-Barr 
?????? ?????? ?????? ???? ?????? ?? ?? ??-
?????? ????????MYC is complex, be-
?????? ?????????? ?????????? ?? ? ? ?????
potentiate MYC???????????????
????? ?? ????? ?????????????? ? ???????? -
?? ?????? ????? ???? ??? ???? ???? ?? ? ?
??????????????? ??????????? ??? ??????? ????? ?
????? ?? ?????? ???? ??????? ????? ?? ?????
?? ????????????????? ??????????? ???????-
? ????????? ????????????????? ????????? -
ular gene signature, MYC acts as an 
???????????????????????? ?????????? ???
????????????????? ??? ???????????????-
???? ??? ??????? ?????? ???? ??????? ??
?????? ???????? ?? ?? ????? ????? ???? ?????
not bind to promoters of silent genes 
??????????????????????????????????????
the preexisting transcription program. 
????? ?????? ??????????????????? ?????
to understanding the increased ag-
????????????????????????????? ?????????
?????????????? ?????????????? ??MYC 
???????? ??????? ??????????????????????
??????????????? ???????????
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????????? ???? ???????? ?? ???? ??? ? ???
MYC has been well described, there 
are also non-transcriptional functions 
????? ????? ????????? ????? ????? ?????-
?? ????? ? ?? ?? ?? ????? ?? ?? ????????
translation and direct regulation of 
????????? ??? ???????? ????????MYC di-
rectly promotes methyl cap formation 
??? ??????????????????????? ?????????
genes, including cyclin D1 and CDK-
??? ???? ??????? ?? ? ? ????????? ?????
?????? ?? ????????????
??? MECHANISMS OF MYC 
DEREGULATION IN CANCER 
Building on the awareness that, unlike 
other proto-oncogenes, MYC? ??????-
tion was not a consequence of muta-
tions in the coding sequence, research 
focused on identifying and under-
standing other modes of oncogenic 
???????? ??? ????? ? ?? ??? ???? ??????????
of three mechanisms through which 
MYC, and in turn other oncogenes, 
could be deregulated and promote 
transformation: insertional mutagen-
esis, chromosomal translocation, and 
??????????????? ???????? ???? ??????
???? ??? ? ?????????????? ??????????????
and understanding of oncogenes and 
????? ??? ???? ?????? ??? ???? ???? ??-
???? ????????????????????????????????
Non-random chromosomal transloca-
?? ????????????????????? ? ??????????
of malignancies, including Burkitt’s lym-
phoma (BL) and Chronic Myeloid Leu-
kemia. It was tempting to speculate 
that these translocations resulted in ab-
errant expression of the same proto-on-
????????? ????????? ??????????????????-
??? ? ?? ?????????????? ???? ????? ?? ???
MYC to the long arm of chromosome 8 
???????????????????????????????????????
?????? ????????????? ?????????? ??????????
had been characterized to contain re-
ciprocal translocations between chro-
??????????????????????????????????
??????? ??????????? ?????? ???? ??? ??
?????? ???? ?? ??? ???? ? ?????? ??????? ???
???????????????????????????????????????
???????????????????????????? ?????MYC 
resulting from the translocation. One of 
?????????????????????? ??? ???????????
????????? ??????????????????????? ???-
?????????????????MYC expression was 
?????????????????????????? ??????????
?????? ? ??? ?? ??? ?? ???? ??????? ??????-
mas. Mouse plasmacytomas were sim-
ilarly found to be a consequence of 
MYC ?????? ???? ?? ????? ???? ? ? ??????
chain locus (108, 109). 
It was well established that cancer 
cells contained a number of chromo-
somal abnormalities and contributions 
of these aberrations to cellular trans-
formation were largely appreciated 
????????????????????? ??????????????
?????????? ?? ??? MYC and/or dysreg-
?? ???? ???????? ?? ??? ??? ???? ? ? ?????
tumors including melanomas and car-
cinomas of the breast, prostate and 
colon. The deregulation of MYC plays 
?? ????????? ??? ? ? ? ?????????????????
??? ????? ?? ???? ?????? ???????? ???? ?????
cycle. In fact, as a result of the trans-
location, the normal control mecha-
nisms of MYC expression are disrupt-
???? ? ??? ?? ??? ????????????? ???????? ??
of the protein throughout the cell cy-
?? ?? ??? ???????? ?????? ? ??? ???? ????? ??
potent inducer of proliferation, it also 
induces as a fail-safe mechanism, a 
large number of pro-apoptotic and 
inhibits expression of anti-apoptotic 
genes, thereby inducing apoptosis or 
?????????? ?? ?????? ??? ??????????? ??? ??
consequence, MYC??????????????????-
????????????????????????? ?????????? ?
?????? ????????? ????? ?????????? ???
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?????????????????????????????????????????
balance between proliferation and 
apoptosis towards proliferation. Impor-
?????????? ?? ??????? ?????? ???? ?????
past decade has been the realization 
that MYC dysregulation is not restricted 
to gross genetic changes at the MYC 
locus, such as chromosomal transloca-
tion, insertional mutagenesis and gene 
?????????? ???????MYC can be dereg-
?? ?????????????????????????????????
???????????????????????? ???????????????-
ty either directly or indirectly.
Deregulation of MYC in human 
lymphomas
The constellation of MYC effects on 
??????? ???????? ???????????? ??????? ??
to the concept of MYC???????? ???-
???????????????????? ??? ?MYC????????
lymphoma is BL, in which balanced re-
arrangements between chromosome 
?? ???? ??????? ??????????? ??? ?? ??-
???? ???? ? ????? ?????? ???? ??? ????-
???????????????? ??????? ??????? ???
??? ??????????? ?? ????? ?????? ?? ???
???? ??? ? ??? ??? ?? ?? ???? ??????????????
lymphoid malignancy with a propensi-
??????????????????? ???????????????? ?-
larly in immunocompromised patients.
??????? ?? ??? ???? ? ????????? ??????-
tion, other lymphomas commonly as-
sociated with MYC deregulation are 
diffuse large B-cell lymphoma (DLBCL), 
??????? ?????????? ???? ??????? ?? ?????
features intermediate between DLB-
TABLE 1?? Lymphoid neoplasms characterized by MYC deregulation.
Clinic Morphology
Immunohisto- 
chemistry
Molecular 
Biology
Burkitt 
lymphoma 
(BL)
Extranodal 
sites of 
children and 
young adults. 
?????? ?????
endemic, 
??????? ???? ?
associated
?????????
medium-
sized cells 
with coarse 
chromatin, 
in a starry sky 
pattern
The neoplastic cells 
????????????????????
???????????????????
??????????????????????
????????????????????????
? ?????????????????
??????????????? ???
???????????????????
>90% 
Diffuse 
large B-cell 
lymphoma 
(DLBCL)
??????????
elderly with 
enlarging mass 
in nodal and 
extranodal 
sites
Diffuse growth 
pattern with 
centroblastic, 
immunoblastic, 
anaplastic 
or mixed 
morphology
Pan-B cell antigens 
????????? ????
expression of germinal 
center markers in 
a subset of cases; 
??????????????? ????????
???????????
??????????
translocation 
? ????? ????????
two groups 
? ???????????
gene expression 
????? ??????????
???? ??????
B cell 
lymphoma, 
?????????????
Older patients 
presenting 
with 
nodal and 
extranodal 
disease, 
usually in an 
?????????
clinical stage
Diffuse growth 
pattern with 
intermediate-
sized cells, 
some admixed 
larger cells, 
irregular nuclei 
with single 
prominent 
nucleoli
Expression of CD19, 
???????????????????
???????????????? ????
BCL6
????????????
???????????????
complex 
karyotype, MYC 
rearrangement 
???? ?????????
? ????????????????
accompanied 
by ???? or ???? 
rearrangement
>>> Segue
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??????? ??? ???????? ?? ????? ??? ? ???-
phoma (PBL), Plasmacytoma (PC) and 
????? ??? ? ?????????? ?? ????????-
????? ?????? ??????? ?????????? ???? ? ? 
and ?? ???? ? summarize the clinical, 
morphological, immunophenotypical 
and molecular biology features of the 
lymphoid neoplasms characterized by 
MYC???????? ?? ?????????????????????-
? ???????????????? ??????????????? ??-
tioned lymphomas, genetic abnor-
?????? ??? ????? ??MYC results in a more 
??????????????????????????????????????
and a poor prognosis, largely indepen-
dent of other clinical and molecular 
????????????????????
Novel concept in MYC-related B-cell 
lymphomas
MYC aberrations can be detected by 
????????? ?????????? ??? ? ????????? ??-
orescence in situ? ????? ????? ?? ????????
???????????? ?????? ? ????? ????? ??
and most recently immunohistochem-
?????? ?? ??? ??????????? ??? ??????? ??????? ???
has been well established that patients 
>>> Seguito
Clinic Morphology
Immunohisto- 
chemistry
Molecular 
Biology
Plasmacytoma Middle-aged 
patients, bone 
pain at site of 
? ?????????????
pathological 
fracture. Soft 
tissue extension 
may produce a 
palpable mass
Poorly 
differentiated 
plasma cells 
(plasmablastic 
or anaplastic) 
with eccentric 
nuclei, and 
dispersed 
chromatin
Neoplastic 
plasma cells 
???????????????
????????????
and monotypic 
cytoplasmatic 
immunoglobulins 
(Ig), they lack 
surface Ig
Immunoglobulin 
???????????? ???
chain genes 
rearrangement
Plasmablastic 
lymphoma
???????????
neoplasm 
usually present in 
extranodal sites 
and frequently 
in the head and 
neck region 
in patients 
with different 
? ????????? ????
states
Diffuse 
proliferation 
of large B 
cells with 
immunoblastic 
morphology, 
admix with 
small to 
intermediate-
sized cells 
Neoplastic cells 
??????????????
??????? ????
and they are 
?????????????
????????????
??????????????
index (Ki-67): 
>90%.
MYC 
translocations 
are 
encountered in 
?????????????????
usually with 
Igh loci, EBER 
?????????? ????
70% of cases.
ALK-positive 
DLBCL
Young patients 
???????????? ?????
pediatric age 
group) commonly 
with nodal disease
The tumor 
??????????????
immunoblastic 
or 
plasmablastic 
appearance, 
sinusoidal 
? ??????? ?????
common
Neoplastic cells 
lack mature 
B-cell markers 
but express 
??????????????
lambda light 
chain, (most 
????????????
??????????
???????? ?? ?????
the ??? gene is 
mainly due to 
the presence 
??????????
????????????? 
(clathrin)/???. 
Rare cases with 
????????????????
(???????) 
translocation 
???????????????
reported
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?? ??????? Lymphoid neoplasms characterized by MYC???????? ?? ???????????????????????????
???????????? ??????????????????????????????????????????????????? ??????? ????????????????? ???-
mediate between DLBCL and BL; D: plasmablastic lymphoma; haematoxylin and eosin, origi-
???? ????????? ??? ? ????????
???????? ?? ?????????????? ?????????-
???? ????????? ? ??????MYC and ?????, 
suffer from poor response to standard 
???????? ???? ????? ??? ???????? ????-
????????????????????? ?????????????? ??
or molecular biology method could be 
considered the gold standard for the 
? ????????? ?? ???MYC rearrangements, 
because they identify the translocation 
??????????????????????? ???????????? ???
to test for the MYC rearrangement, 
break-apart probes and not dual-fusion 
are typically used to account for the 
non-? ? translocation partners of MYC. 
???? ???? either break-apart or ? ??????
? dual fusion testing strategy could be 
used, whereas for ????? translocations 
break-apart probes are recommended 
??????? ?????????? ? ?????????? ?????????
is cumbersome, time-consuming and 
not routinely performed in the work-up 
of lymphomas at many centers. More-
?????? ????? ??????? ??? ??? ?????????? ????
designed to detect genetic deregu-
lation that affects gene expression on 
the transcriptional and translational 
? ?????? ????????? ?????????????????????-
?? ???? ??? ???????????????? ?? ?????????
???????????? ???? ??????? ?? ???????
??????? ? ???? ???? ? ? ??? ??? ??????
????????????????? ?????????????? ?? ? ???
costly and less laborious means of de-
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????? ??????????????????? ?????? ???-
resents a key step forward in studying 
?????????? ?????????????????????
??? ??????? ?? ???????? ?? ????? ?? ???
MYC gene rearrangement and MYC 
protein expression emerged that MYC 
gene rearrangements do not neces-
sarily correlate with MYC protein ex-
pression. In fact by applying immuno-
histochemistry, the frequency of MYC 
protein expression appears much 
?? ???? ?????????? ??????????????? ?????
standard method (116). Therefore, 
nowadays the key problem in the he-
?????????? ??? ??? ? ??? ??? ?????? ????
clinical impact of the double/triple ex-
pressor status apart from the presence 
of genetic alterations characterizing 
the so-called double/triple hit (DH/TH) 
????????????????????????????????-
trols phenotype because genes direct 
the products of proteins, there are pro-
??? ???? ?????????????? ?????????????????????
reactions in the cells and thus are di-
??????????????? ? ?????????????? ?????-
????????? ???????????????????????? ? ?-
? ??? ??? ?? ??? ?? ??? ?????????? ??? ????
results of multiple cross-talks between 
??????? ?????? ?? ???? ????????????? ???
???????? ?????????????????????????? ??
???????? ?? ? ????? ??????? ?????????? ?? ??
???????????????????????????????????????
??????? ?? ??????????????? ???????????-
? ?????????????? ????????????????????
?????????? ?????????????????????????????
should identify double/triple-express-
ing lymphoma patients whose disease 
?????????????? ? ????????????????????
??????? ??????? ?????? ????????? ??????-
???? ??? ?? ???? ??? ??? ???????????? ????
??? ????????? ???? ?????????????
????????? ?????? ??? ?? ?? ?????????? ? ???-
?????????? ???? ??????? ???????????????
??? ??????????? ????????? ??????? ?????? ??-
???????????????????????????????????-
?? ???????????? ????????? ????????????
???????? ????? ???? ???? ??????? ??????-
???????? ????????? ??????? ? ?? ??????
heterogeneous, rendering accurate 
??????????? ????????? ??? ????????? ???
many double-expressor lymphomas 
?????????????? ???? ? ???????? ??????????
?????????????????? ?? ??????? ? ?? ??????
????????????????????????????????????
other mechanisms than translocations 
????????????
???? ?????????????????????? ??????? ???
?? ???????? ?????????????????????????-
etic and lymphoid tissues that will be 
published in the next future, suggests 
????? ?????????????? ?????????????????-
????????? ??????????? ???? ????????????
could be demonstrated by cytogenet-
? ???? ?? ??? ???? ? ??????????? ????????
??????????????????? ???????? ???????? ??
grade B-cell lymphomas, including: 
diffuse large B-cell lymphoma, not oth-
??????????????????? ??????????????????-
?????????????????????????????????? ??
grade B-cell lymphomas with ????? 
and/or ????? and MYC rearrange-
ments. ???? ?? summarizes the clinical, 
morphological, immunophenotypi-
cal and molecular biology features of 
?????????????????????
??? MYC-TARGETED THERAPY
Because of its oncogenic properties 
in neoplastic cells, MYC has become 
an interesting and feasible target for 
????????????? ??????????? ????????????
???? ????? ??? ????????? ???? ?????? ?
itself has generally been considered 
??????????? ?????? ??????????? ????-
????????? ????? ????? ????????? ??? ??-
???? ?????????????? ?????????????????????
?????? ????? ???????? ?????? ??? ??? ??
target the transcription of MYC gene 
directly or the MYC downstream path-
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???????????? ????????? ?????? ?????MYC 
promoter has become a promising tar-
get. Many reports demonstrate that 
low-molecular weight compounds 
????? ?? ??????? ?? ??? ??? ????? ????
? ????????????? ???????? ?? ???? ????????
??????? ????????? ????? ????? ???? ??-
???????? ???????? ????????????? ??????
TABLE 2?? ???????????????????? ?????????????????????????? ?? ????? ????????????? ????? ?-
sification of tumours of hematopoietic and lymphoid tissues.
Clinic Morphology
Immunohisto-
chemistry
Molecular Biology
DLBCL, not 
otherwise 
??????????????
??????????
elderly, 
nodal and 
extranodal 
sites
Large tumour cells 
with abundant 
cytoplasm, 
large nuclei 
and prominent 
nucleoli
Pan-B cell 
antigens 
????????????????
??????????
??????? ??????
High grade B-cell 
??????????????
Elderly 
patients
Histologic 
appearance 
that resembles 
Burkitt 
lymphoma 
more than 
DLBCL; irregular 
nuclear contour; 
although many 
areas mimic 
DLBCL, the 
nuclear size 
remains small 
???????????
??????????
???????????????
????? ????
??????
BCL6, 
CD10,Ki-67 
???? ?? ?? ???
expression 
depends on 
the presence 
of MYC 
translocation 
??????? ??????
??????????????
?????????????MYC 
breakpoint (with or 
without increased 
copy numbers or 
????????????????? ??
?????????? ????? ??
????). The presence 
of ???? and/or 
???? breakpoint in 
combination with 
MYC breakpoint 
should be excluded
High grade B-cell 
lymphoma, with 
BCL2 and/or 
BCL6 and MYC 
rearrangements/
translocations
Elderly 
patients, 
two peaks 
of incidence 
???????????
years).
Widespread 
disease, 
including 
? ??????????
of lymph 
nodes 
with more 
than one 
extranodal 
site, bone 
???????????
?????????
?????????
60%)
?? ????????? ????
as starry sky 
macrophages 
may be (focally) 
present.
The number of 
?????? ????????
and apoptotic 
???????????? ????
???? ?? ?
???????? ???????
?????? ?? ??????
and contour.
 The cytoplasm 
is usually more 
abundant and 
less basophilic 
than in BL
Neoplastic 
cells are 
????????????
?????????????
??????????????
and TdT 
?????????
CD10 and 
?????????????
??????????
?????
In addition to the 
MYC rearrangement, 
all cases contain 
???? 
rearrangement at 
???????????????????
 rearrangement at 
?????
??????????????
?????????? ??
karyotypes with 
many other structural 
and numerical 
abnormalities 
Sequencing studies 
????????????????TP53 
mutations mainly 
in the ???????? 
double hit cases, few 
????? mutations
?? ????????? ???????? ? ?????????????????????????????????????????? ? ??????????????????????? ????????-
???? ?????? ????????????? ??? ???????????? ?????????????????????????????????
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in the mechanisms underlying the MYC 
????????????? ?? ? ? ?????? ??????? ??? ??? ??????
????????? ??? ????? ? ?? ???? ???????? ????
????????????????????????????????
???????? ??????????? ???? ??? ??-
?? ?????????????? ??????????? ???
– ?? ??? ?????????????? ???one small 
??? ??? ?? ????????? ??????????? ????
???? ??? ?? ??? ? ???? ???? ?????????
which reside within the HLH-LZ domain 
? ?? ??? ?? ???? ???????? ????????-
???????? ????????????????? ???????????? in 
vitro (cell cycle arrest and apoptosis) 
??????????? ???????????????????????????
in in vivo animal studies primarily be-
cause of its limiting PK/PD properties.
– ???? ??? ???????????? ???????????? ?
????????? ??? a small molecule, named 
????? ??????? ????????????????????????-
modomain of the BET family member 
????????????? ??? ?? ?? ????????????-
???????????? ???????????? ?????????? ?
????????? ????????? ????????? ???????-
cess of MYC-mediated transcriptional 
???????? ??? ??????? ??? ????????? ?? ??-
sults in in vitro models, further preclini-
???? ???????? ????? ?? ??? ????? ? ?? ??? ??
against a wider range of cancers with 
?? ?????????????????? ??via different 
mechanisms are ongoing.
– ???? ??? ???????????????????????? ?
? ?????? ??????? ????the essential role of 
MYC in both cancer and normal tissue 
????? ?????? ???? ???????????? ???????
???? ???????? ????? ????? ??? ???????????
? ?? ?????? ???? ? ??? ????? ????? ?????
?? ?????????????? ? ??????? ? ???????????
???????????????????????????? ???????????
??????? ?? ????? ?? ????????? ??????????
??????? ??? ???????? ? ? ?????? ?????? ????
???? ? ? ?????????? ??? ? ??????? ????????
????? ??????? ????? ??????????? ???????
? ?? ?????? ???? ?????????? ??? ?? ???? -
????? ? ? ? ???????????? ? ??? ??? ?????????
? ?? ?????? ????? ?????? ??? ??? ? ????????
proof of concept that synthetic lethal 
?????????????????? ? ???????? ?????????
exploitable.
– ??????? ??????????? ??? ????? cancer 
?????? ????? ?? ?????? ???? ???????? ??
?????? ???? ??? ?? ???? ?????????????? ????
poorly differentiated phenotypes, sug-
????? ?? ????? ???? ?????????????? ??????
???? ??????? ??? ????? ??????? ?????? ????
cell cycle. It may also suggest that oth-
??????? ? ??????????????????????????-
??????????????????????????? ????????
???????? ? ? ?????????? ? ??? ?????? ??????
???????????????????????? ???????? ??-
iclib phase I trial using MYC expression 
and signalling as a clinical correlate 
biomarker of response has been ini-
?? ???? ???? ? ????? ??????? ? ?????????
?????????????? ????? ??? ?????? ???? ?????
trials in which a small molecule CDK 
inhibitor is used to determine whether 
???? ???????????? ?? ???????? ???? ??-
? ?????????????????????????????? ?????
???? ?????????????????? ??? ??????????
was reported to be essential for the 
?? ??????? ??? ??????? ?????? ?????? ?????
MYCN? ?????????? ?? ??????? ????????-
????? ?? ???????? ???? ? ?? ? ?????? ??????
??? ????????? ??????????????? ??? ?????
? ?? ???????????? ??????????????? ???????
???????????????? ? ???????????????? ? ?
a panel of established neuroblastoma 
??????? ????????????????????????????? ?? ?-
?? ?????????????????????? ??????????
???? ????? ????????????? ??? ???? ? ?? ?
???? ????? ????? ???? ????? ? ? ?????? ??
and II trials. The potential clinical ef-
?????? ??? ????? ? ?? ??? ?? ???? ?????
??????????? ??? ????? ?? ?????? ?? ????? ??
????????????? ?????????????? ???? ??-
sential for mammalian embryonic de-
??? ?????? in vivo or for the cell cycle 
progression of non tumorigenic as well 
as tumorigenic cells in vitro ????????????
It was recently reported that specif-
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? ? ?????? ??? ??? ? ? ?? ??? ?? ??? ?????
?? ???? ????????? ?? ? ?????? ????? ???? ?
progression in non-transformed and 
MYC-transformed epithelial cells with-
???? ? ????? ????????????????????????????
????????? ????? ????? ?????? ? ???? ?? ??
via? ?? ??? ? ? ???????????????? ?????????
in accelerated cell proliferation, which 
was accompanied by the upregula-
tion of CDK1 that has been shown to 
be capable of functionally compen-
sating for any of the interphase CDKs 
??????? ???????? ????? ? ?? ?????? ?????
??????? ??? ? ???? ?????????????????? ?-
?????? ??? ?????? ???? ??? ????????????
tumors remains to be determined. Mi-
?????? ????? ????? ??????? ?? ????? ?? ????
B, which control mitotic spindle at-
????????? ?????????? ??? ??????????
targeted in MYC-deregulated cancer 
????????????????????????????????? ? ???-
???????? ??????????????? ??? ?? ?? ??????
caused strong antitumorigenic ef-
fects-including cell cycle arrest, apop-
tosis, and autophagy-in model epithe-
lial cells in a MYC-dependent manner 
??????? ?????? ??? ??? ? ??????? ?? ????
? ?? ?????? ???????????????????? ???????-
? ?? ??? ??? ????????? ? ? ????? ? ? ??????
models of MYC-induced lymphomas 
?????????????????????????????????? ????
small molecule inhibitor, alisertib, was 
????????? ? ?????????? ??? ????????? ? ???
mouse model of MYCN???????? ???-
???? ??????? ? ? ??? ?? ??????? ?? ????
plays a key role in maintaining MYCN 
protein stability that is central to its tu-
???? ??? ????????????????????????? ???????-
??????? ??? ?? ???? ????? ? ? ?????????
phase I and II trials. Chk1-an essential 
?? ???? ? ??????? ? ????????????????
???? ? ?? ?????????????????? ????????????
another cell cycle-related kinase that 
has been targeted in MYC-deregulat-
ed cancer cells. The hypothesis is that 
?? ?????????????????? ?????????????????
??????? ?????????????????????????-
???? ????? ????? ?????? ???????????? ?????-
???? ??????????? ??????????? ??????????????
??????????????? ????? ?????????????????
these insults and protects rapidly prolif-
????? ?? ?????????? ???????????????? ?-
????????????????????? ?????????????
– ?????? ????? ? ? ???????? beyond the 
cell cycle, MYC has also been shown 
to regulate numerous additional sig-
nalling pathways critical for tumor 
????? ?????? ???? ??? ????????? ??
current challenge is to identify addi-
tional synthetic lethal targets in these 
signalling pathways downstream of 
????? ?????? ???? ???? ????? ? ? ????????
there are: small ubiquitin-related mod-
????? ??????????????? ?? ??????? ????
????????? ?? ???????? ??? ????? ????
??????????? ????? ???? ????????? ???
???????????????? ???? ?????????? ????
?? ??????????????????????????????????
??? ??????????????
??? ????????????????? ?? ?? ???? ???-
ent in the literature on the correlation 
among MYC gene aberrations and 
?????????? ????????? ?????? ???? ????
a total of 119 clinical, morphological 
and immunophenotypical typical BL 
cases and we checked the expression 
??? ??????????? ?????????????? ?? ?-
??? ?????????????????????? ???? ????-
???????????????? ????????? ?????????????-
sis for MYC-translocation was also per-
??? ????????? ??????????? ?? ????????
(dual-color break-apart probe). Dif-
ferent patterns of MYC gene translo-
cation/MYC protein expression were 
? ????????
– 99 cases bearing a translocation in-
????? ??MYC gene expressed MYC at 
????? ?????????????? ?? ????????????????
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in almost 80% of neoplastic cells). This 
???? ?????? ??? ?????????????????????????
? ???????????????????????????
– 10 cases in which a translocation 
? ????? ??MYC gene was not detect-
??? ?? ?????????? ???? ??? ????? ?????
?????????? ?? ???????????????????????????
of the techniques currently used to di-
agnose genetic changes can unam-
biguously rule out all of MYC translo-
???? ?????????? ????????????????????????
??? ?????? ??? ???? ??? ??? ?????? ??? ??????
?????? ???? ???????? ????? ?? ????? ??????
excision of MYC and insertion of the 
gene into one of the ? ? ? ??, which is 
??????? ??? ???? ????? ?? ? ???????? ??-
other option is that the breakpoint is lo-
????????????????? ?????????? ??????????
?????????????????????? ?? ??????????????
????????? ????? ????????? ??? ????????
that mechanisms other than transloca-
?? ?????? ??? ???????? ? ? ???? ?? ??????
???? ?????? ? ???????? ?? ? ? ??? ????? ? ?
the absence of genomic rearrange-
?????? ??????? ?????????????? ? ????? ??-
????????? ?????????????? ??????? ????
MYC? ?????? ???? ??????????? ???? MYC 
?????? ???? ??????????? ??? ?????? ? ? ??-
???? ??? ???????? ????? ? ? ????????????
?????????? ??? ?? ? ???????????????????
MYC??????? ???? ????????????????????-
???????????????????????? ???????????????? ?
??? ?? ????? ?????????????????????-
?? ?????????????? ????????????? ??????
??????????????????? ? ? ?????? ????????-
ingly, in MYC? ?????? ???? ???????????
???? ??? ?????? ???????????? ?? ??? ????
methyltransferase (DNMT) family mem-
bers, secondary to hypo-expression of 
?????? ????????????????????? ???????????
??? ???????????????? ???? ???? ???????? ??
of lymphomagenesis in these cases, 
based on global changes in methyla-
?? ?? ? ???????????????????????????-
methylation, lack of epigenetic con-
trol on transcription of targeted genes, 
and increase of genomic instability. 
????????? ??????????????????????????-
pression of another MYC family gene 
member, MYCN that may therefore 
represent an additional mechanism 
for malignant transformation (?? ????
3??? ???? ???? ?????? ??? ??? ???? ??? ??-
plain the pathogenetic mechanisms 
???????????? ???? ??????????????? ?????
MYC is independent of a chromosom-
??? ?????? ???? ?? ??? ?? ????? ????????-
?? ????????
?? ?????????????????????? ?? ?????????? ??????????????????????????? ????????? ??? ???????????
carrying a ????? ???????????????????? ????????? ??????? ??????????????? ?????? ??????????????-
??????????? ? ????????
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– 10 cases showed MYC gene translo-
cation but did not express MYC at pro-
??? ?? ???????????? ??????????????????????
for MYC protein was due to a defect in 
the transcription of MYC gene or in the 
assembling of the protein, RT-PCR for 
???? ?????????????? ???? ????????
that among the 10 cases not express-
? ?? ???? ?????? ?? ?? ? ????? ????? ????
?????????????????????? ??? ?????? ??-
ratory to shed new light on how a MYC 
gene aberration does not result in MYC 
??????????????? ?????????????? ??
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??????????????? ? ????????????? ?? ??? -
?????????????????????????????????????????????
??? ??????? ?????? ???????????????????????????
???? ??????????????????????????????? ? ??
??? ? ? ???????? ???? ?????????? ?? ? ?????
???????? ??? ????????????????????????????
??? ?????????? ??? ??????????? ?????? ???-
anisms Regulating Myc-Induced Trans-
formation. Department of Medical Bio-
????? ???????????????????????????????
??? ?????? ??? ????????? ???? ????? ?? ?????
homology to myc cellular oncogene is 
shared by human neuroblastoma cell 
lines and a neuroblastoma tumour. Na-
???????????????????????
??? ??????????????????? ???????????????? ?????
oncogene-related sequences in human 
??????? ???????? ??????????????????????
9. Schwab M. Enhanced expression of 
the human gene N-myc consequent to 
?????????? ??????????????????? ???????
malignant progression of neuroblasto-
?????????????????????????????????????????
???????
???? ??????????? ??????????? ?????????????
???? ?????????? ?? ??? ?????? ? ? ??????????
human neuroblastomas correlates with 
??????????????????????????? ???????????
????????????
11. Nau MM. L-myc, a new myc-related 
????????????????????????????? ???????
???????????? ??????????????????????????????
??????
???? ????? ??? ???????? ???? ???? ?? ???? ??? ????
????????????? ????? ?? ?? ??? ???? ??????
gene by lymphocyte mitogens and 
?? ??? ?????????? ??????? ???????? ??????
?????????????????
???? ?????? ????????? ??? ?????????????????? ?????
?????? ? ? ???????? ??? ?????? ???????? ?
cell death in T cell hybridomas. Science. 
?????????????????
???? ????????????? ???????? ??????????????? ??-
????? ?? ??? ?????????? ? ? ?????? ???? ???
???????????? ?????????????????????????
???? ???????????????????? ?? ????? ???? ???
???? ????????????? ?????? ???????? ?? ? ? ???
??????????????? ???? ? ? ????? ?? ?? ???-
presses cell cycle arrest and accelerates 
??????????? ??????????????????????????
16. Meyer N, Kim SS, Penn LZ. The Oscar-wor-
thy role of Myc in apoptosis. Semin Can-
?????? ????????????????????
???? ??????????????????????????? ?????????????-
??? ??? ?????? ??????? ? ???????? ? ??????
in transgenic mice by cooperation be-
?????? ?????????????????????????????????
??????
54 Maria Raffaella Ambrosio, et al.
???? ??? ?????????? ??????????????????????-
???????? ? ??????? ????????????????????
?????? ???????????????? ???????? ??????
???????????
???? ???????????????????????????? ???????????
??????????????? ? ????? ?????? ? ?????????
?????????? ?? ?????????????????????????????
???????????
???? ?? ??? ?? ??? ?? ?? ??? ???? ?? ?? ???
??????? ?????? ?????????? ??? ????? ???-
???????????????????????
???? ?????? ???????????????? ??? ?? ?????-
?? ?????????????? ???????????? ??????????
in a manner independent of cell cycle 
??????? ???? ???? ???????? ??? ???? ??? ? ?????
?????????? ??? ????????????????????????
???
???? ? ??? ??? ???????? ???? ????? ? ???? ??? ????
?????? ???? ???? ??????????????????????-
???? ????? ???? ?????????????? ??????????
???? ? ??????????? ??? ?????? ????? ??????
????????????
???? ? ??? ???????????????????????????????????????
??? ?????????? ?? ??? ??? ???? ??????????-
tion cooperate oncogenically with Myc 
? ? ????????????? ??????????????????????
???????????????????????
???? ??????? ???? ?????? ???? ???????? ???? ???
???? ???????? ?? ??? ???? ????????????? ??-
mor suppressor pathway in Myc-induced 
??????????????????????????????????????
????????
???? ???????????????????????????????????-
????????????? ? ?????????????? ????????-
erate lymphomagenesis and promote 
???????????????? ??? ??????? ?? ?????
????????????????????????????
???? ??? ???? ???? ??? ???? ?? ??? ??? ???? ??? ????
????? ???? ?? ?????? ???? ???????????
inhibits Myc-induced lymphomagenesis. 
??????????????????????????
???? ?????? ???? ?????? ?? ??? ???????? ???? ???
al. Bmi-1 collaborates with c-Myc in tu-
morigenesis by inhibiting c-Myc-induced 
?????????? ?? ? ? ????????? ?????? ?????
??????????????????
???? ??????? ??????????? ?? ? ???????????????
?? ??? ??? ???????? ? ??????? ??????????????
?????????????????????? ???????????????
????????????
???? ??????? ???????? ??? ???????? ???? ??? ????
?????????? ??? ?????? ??? ????? ??????
????????? ?????????????????????????????????
during lymphomagenesis. Mol Cell Biol. 
??????????????????
???? ??? ??????????? ??????????? ???????? -
do C, et al. c-Myc augments (gamma) 
irradiation-induced apoptosis by sup-
?????? ?? ???????? ???? ????? ?? ??? ?????? ????
????????
???? ?????? ???? ??????? ? ??? ???????? ??? ??? ????
??????????????????????????????????????? ?
Myc-induced apoptosis and tumor sup-
pression in vivo.? ???? ???????????????????
????????
???? ?? ????????????????? ?????????????????????
functionally cooperates with Bax to in-
????????????????????????? ?? ??? ?????? ????
????????
???? ????? ???? ????? ? ???? ?? ????? ???? ??? ????
Bax forms multispanning monomers that 
oligomerize to permeabilize membranes 
during apoptosis. EMBO J.????????????????
????
???? ???? ??????????? ???????????????????? ???
potentiates apoptosis by stimulating Bax 
????????? ??? ???? ??????????? ?? ???? ?????
?? ?????????????????????
???? ???????? ?????????????? ?????????????
???? ?? ?? ?? ???? ?? ??????? ?? ??????
in immunoglobulin enhancer binding, 
daughterless, MyoD, and myc proteins. 
???????????????????????
???? ?????????? ???? ???????? ???? ????? ???
SL. The leucine zipper: a hypothetical 
???????????????????????????? ?????? ???
?? ?? ?? ?????? ??? ??? ????? ?????? ?????
????????
???? ? ??????? ????????????? ??? ?? ???????????
?????????????????????????????? ?? ?????
???? ?????? ?????? ?? ??? ????? ?????? ?????
????????
???? ??????????? ???????????? ????? ?? ?????-
?????????????????????????????? ?? ?????
the c-Myc basic region. Science. 1991; 
???????????
???? ? ?????????????????????????????????-
lix-loop-helix zipper protein that forms a 
??????????????????????? ?? ??????? ??
????? ??????? ???????????????????????
???? ????????????????? ?????????????????????
a heterodimeric partner for Max that 
???????????????????????? ?? ??????????????
???????????????????????
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???? ???????????????????????????????? ?????
the Max network: antagonizing the func-
tion of Myc and more. Curr Top Microbiol 
? ?????????????????????????
???? ?????????????????????????????????????
?????????? ??????????????????????????? ???
??????? ????????????????????
?????????????????????????????????????????-
es protein synthesis and cell size during 
?? ??????????? ????? ??????? ????? ?????
????????????????????????????????
???? ???? ???? ??? ??? ???? ??? ????? ??????
cancer cell energy metabolism and 
therapeutic opportunities. Clin Cancer 
???????????????????????
?????????? ??? ??????????? ?????????? ??? ????????
regulator of ribosome biogenesis and protein 
??????????? ??????? ???????????????????????
???? ???????? ??? ???? ???????????????? ????? ?? -
?????????? ? ??????????? ?????????????????
??????? ???????????????????????????????
???? ?? ??? ????? ???? ?????? ???????????? ??
??????? ?????? ????? ??? ?? ??????????????
??????????? ?????????????????????
???? ??????????? ??????? ???? ?????? ??? ???????
??? ??????????????????? ????????? ?? ???-
????????????????? ???????????????????????
??????????????????????????
???? ? ?????????????????????????????????????
???????????? ?? ???????? ? ??? ??????????
to promote genomic instability. Onco-
????????????????????????
???? ?????????? ???? ??????? ?? ?? ?? ????????-
mation and genomic instability. Curr Mol 
?????????????????????
???? ???????????????????????????????????? ??
role for c-Myc in promoting genomic in-
???????????????????? ??????????????????
???? ??? ??? ??? ?? ?????? ????? ??? ??? ??????
function for the transforming Myc protein: 
elicitation of the angiogenic phenotype. 
????? ???????????????????????????????
???? ????????????????? ??????????????? -
???????? ??? ?? ?????????????? ?? ??????
?? ?????????? ???????????????????????
???? ???? ?????? ????????????????? ????????
???????? ???? ???? ???????????????????????
thrombospondin-1 expression and in-
crease tumor angiogenesis. Cancer Cell. 
????????????????
???? ?? ??????????????????????????????????-
sion of Myc-induced apoptosis in (beta) 
cells exposes multiple oncogenic prop-
erties of Myc and triggers carcinogenic 
????????? ??????????????????????????
???? ????????????? ?? ?????? ??????????????
with Myc micromanaging glutamine me-
???????????????????????????????????????
???? ???????????? ???? ???? ???? ???????????????
?????????? ???????????????????????????-
bolic reprogramming fuels cell growth 
??????????????????????????????? ?????? ???
??????
???? ???? ???? ????????? ??? ???? ???????? ????
et al. Myc regulates a transcriptional 
program that stimulates mitochondrial 
glutaminolysis and leads to glutamine 
???? ?? ?????????????????????????????????
?????????????
???? ????????????????????????????????????????
??????????????? ????????? ? ???????????-
ity of human cells to transformation by 
cooperating cellular oncogenes. Can-
??????????????????????????
60. Campaner S, Doni M, Hydbring P, et al. 
???????????????????? ? ?????????????? -
duced by the c-myc oncogene. Nat Cell 
?? ??????????????????
???? ????? ?????????????????????????????????-
lator of the senescence control function of 
???????? ????? ?????????????????????????
???? ????? ??? ???????????????????????????
????? ??????????? ???????? ???? ????? ?? ???
??????????????
???? ???????? ?????? ???? ?????????? ??? ??? ????
Werner syndrome protein limits MYC-in-
?????????? ? ?????????????????????????
??????????????????
???? ????????????????????????????????????????
c-Myc controls the balance between 
hematopoietic stem cell self-renewal 
?????????????? ?? ??? ????????????????????
????????
???? ???????? ???? ?????? ???? ????????? ????
N-myc is essential during neurogenesis 
for the rapid expansion of progenitor cell 
populations and the inhibition of neuro-
?????????????? ?? ????????????????????????
?????????
???? ???????????????????????????????? ?????-
tion of germline-competent induced plu-
?? ????????????????????????????????????????
???? ???? ??????????????????????????????????
???????????????????? ??????????? ????? ???
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a pluripotent ES-cell-like state. Nature. 
??????????????????
???? ???????? ??? ???????? ?? ??? ? ??????
pluripotent stem cells without Myc from 
?????? ???? ?????? ?????? ????? ???????
?? ???????????????????????
???? ???? ?? ???? ??????? ??? ?????? ????
MYC-associated and double-hit lympho-
??????????? ???????????? ? ??????????-
sis, and therapeutic approaches. Can-
???????????????????????
???? ????????? ???? ?????? ????????? ??? ??? ????
?????? ? ???????? ??? ???? ?????? ??????
?????? ?? ?????????????????????????????
71. Eilers MS, Schirm S, Bishop JM. The MYC 
?????? ??????????? ???????? ?? ????? ??????-
pha-prothymosin gene. EMBO J. 1991; 
??????????
???? ?????????????? ??? ?????????? ?? ????????? -
tion and transformation by Myc proteins. 
???????? ??? ?????? ???????????????????
???? ??????? ???? ?????? ???? ??????? ????
?????? ????? ???? ????? ? ??????? ????
???????????????????????????????????? ????-
gression at multiple independent points. 
??????????? ????????????????????
???? ??? ???????? ? ??????????? ???????????????
????????????????????????????????????? ??
???????? ?????????????? ??????????????-
??????????????????????????????????
???? ? ??????? ??? ?????? ??? ????????? ??? ????
understanding of MYC-induced lym-
?????????????? ??? ?? ?????????? ??????
????????????
76. Hermeking H, Eick D. Mediation of 
??????? ?????? ?????????? ??? ????? ???-
????????????????????????
???? ??????? ???????? ??? ???????? ???? ??? ????
?????????? ??? ?????? ??? ????? ??????
????????? ?? ??? ????????? ??? ?????? ??? ??-
passed during lymphomagenesis. Mol 
??????? ?????????????????????
???? ??? ??? ???????? ? ??? ?????? ??? ?????-
?????? ?? ??????????? ??????????? ???????
??????????? ????????????? ???? ?? ????-
???? ????? ???????????????????????
79. Chang TC, Yu D, Lee YS, et al. Wide-
??????? ?? ?????? ???????? ?? ??? ????
?????? ?????????????? ???????????????????
????????????????
80. Sander S, Bullinger L, Wirth T. Repressing 
the repressor: a new mode of MYC ac-
tion in lymphomagenesis. Cell Cycle. 
???????????????
???? ??????? ??? ???? ??? ?????????? ??? ??? ????
?? ?????? ???????? ??? ???????????? ??-
?????? ???? ???? ? ?????? ???? ? ???? ?? ?
?????? ??? ?????? ????? ???? ? ???? ? ????
??????????? ????????????????????????????
????Tagawa H, Seto M?? ???? ???????? ?????
????? ???????????????? ??????????? ?? ? ?
???? ????? ?????????? ??????? ?? ??????
???????????
???? ? ????????????????????????????? ???????-
derstanding of MYC-induced lymphoma-
??????????????????????????????????????????
???? ????? ??? ????? ??? ?? ? ??? ??? ???? ???? ??-
???????? ?? ??????? ?????? ???????? ??
?????????????????????????????? ? ???? ?
cell and other non-Hodgkin B-cell lym-
???????? ??????????????????????????
???? ???????????????????????????????????????-
nated silencing of MYC-mediated miR-
?????????????????????????? ????????-
?? ? ??????????????????????????? ?? ? ???-
????????????????????????????????????????
?????????????????
???? ????? ? ??? ?????? ??? ???? ??? ??? ??? ???? ????
???????????? ?? ??? ??? ???? ???????????
???? ??????? ?????????????? ??????????-
????????????????????????
??????????????? ???????????????????????????? ?????
???? ??? ? ????????? ?????????????????-
?????? ??????????????????????? ????????? -
?????? ???????????? ?????????????????????
???? ???????? ?? ???? ?????? ???? ???????? ???
et al. N-myc can cooperate with ras to 
transform normal cells in culture. Proc 
????????????????????????????????????
???? ???????? ??? ???????? ???? ???? ?????-
ra R. Pathogenesis of Burkitt lymphoma: 
???????? ????????????????????????????-
?????????????????????? ??? ????????? ??
??? ????? ??????? ?????? ?? ???????? ?????
???????????????????????
???? ? ?? ????????? ??????????????????????-
???? ???????????????????????????????? ??-
?????? ?? ? ? ????????????? ??? ???????-
????????????????????????????????????????
??????????????
???? ???? ????? ???? ??????? ?? ??? ????? ???? ????
??? ??????????????? ????????????????????????
???? ?? ??????? ?? ??? ???????????????????????-
??????? ????????? ??? ?????????? ?????? ? ?
57Correlation between MYC gene rearrangement and MYC protein
lymphocytes and embryonic stem cells. 
???????????????????????
???? ?? ? ???????????????????????????????????? -
?? ???? ?????????? ?? ? ? ?????? ?????? ?????
?? ????????????????????????????????????
???? ????? ?? ???? ???? ???????? ???? ??? ?-
?? ????????? ???? ????????????? ?????
??????????????????????????????
???? ??? ?????????? ?????? ???????? ?? ??? -
dependent functions of MYC: regula-
?? ??????????? ?? ??????????????? ??? ???
???????? ?????????? ??????????????????
???? ????? ?? ??????? ????? ???????? ?????-
???????? ?? ????? ? ????????? ?? ?-
??? ?????????? ?? ?? ??? ???? ???? ????-
merase II carboxy-terminal domain 
? ???????????? ??? ??????? ???? ?? ?? ???
??????????? ?????????????????????
97. Li Z, ??????? ????, Qu C????????????? ????
transcriptional regulatory role for c-Myc 
in Burkitt’s lymphoma cells. Proc Natl 
????????????????????????????????
???? ???????????? ??? ????????? ??? ?????-
?????????????????????????????? ?????????
polymerase III transcription by c-Myc. 
?????????????????????????
99. Kenneth NS, ??????????? ??, ??-
mez-Roman N????????????????????????
???? ????? ??? ?????? ??? ????????? ????
polymerase III transcription. Proc Natl 
??????????????????????????????????
????? ???????????????????????? ???????????
???? ??? ?? ? ??????? ??????? ?????? ???????
?????????????????????? ??????? ????????
????????????????????????????????????-
cogenesis by promoter insertion. Cell. 
?????????????????
??????????? ???? ???????? ??? ???? ???????-
?????????????????????????????? ?? ? ???????
?????? ???? ???? ???? ? ? ??????? ?????????
??????????????????? ??????????????????????
maintenance of the tumor state. Cell. 
?????????????????
????????????????????????????? ??????? ????-
?? ??????????????????????????????????
????????????????????????? ???????????-
??????????????????????????????????
????? ?????????????????????????????????-
????????? ??? ?? ?????? ?? ????????? ???
????????? ?????????? ??? ????????????
??????? ? ?????????? ???????? ?????? ?????
???????
???????????? ??? ?????????? ??? ?????? ? ?????-
?? ?? ??????? ????? ??????? ???????? ?????? ???
???????
????? ??? ???????? ??? ??????? ??? ???????? ??? ???
al. Human c-myc oncogene is located 
on the region of chromosome 8 that is 
translocated in Burkitt lymphoma cells. 
????? ???? ??????????????????????????????
????? ???? ???? ???????? ????????????? ???? ???
al. Two human c-oncogenes are locat-
ed on the long arm of chromosome 8. 
????? ???? ??????????????????????????????
107. Taub R, Kirsch I, Morton C, et al. Trans-
location of the c-myc gene into the 
? ?????? ???? ? ?????? ???? ? ? ???? ? ?
human Burkitt lymphoma and murine 
?? ?????????? ??????? ????? ????? ?????
???????????????????????????
?????????????? ??????????????? ????????????????
????????????????????????????????-
????? ? ?????? ???? ?????? ???????-
nation in mouse plasmacytomas. Cell. 
?????????????????
109. Crews S, Barth R, Hood L, et al. Mouse 
c-myc oncogene is located on chro-
???????????????????? ?????????????-
??????? ??? ? ? ?? ???????????? ???-
?????????????????????????
????? ????? ???????????????? ??????????????-
mogeneously staining chromosomal 
???? ????????? ?????????????? ????????
abundantly expressed cellular onco-
gene (c-myc) in malignant neuroendo-
crine cells from a human colon carcino-
??????????????????????????????????????
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????? ??? ??????????? ????????????? ??? ?????
????????? ?????????? ?? ? ? ??????? -
cytic leukaemia cell line HL-60 and pri-
mary leukaemic cells of the same pa-
?? ????????????????????????????
????? ???? ?? ??? ?????? ?? ??? ?????????? ??
??? ??????????? ??????? ???? ???? ??-
quences in a human myeloid leukae-
?? ???????? ?????????????????????????????
????? ??? ?? ?????????????????????????MYC?????-
????????????????????? ????????????? ? -
gy, entity, differential diagnosis and clin-
? ??? ????????????????????????????????
??????????
????? ??????????? ???? ??????????????????? ??
???????????????????????????????????? ?????
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??????????????? ???? ????????????
????? ????? ?? ? ? ????? ?? ??????????-
??????? ???????? ?? ???? ?? ???? ?????? ???
???????
????????? ???? ?????? ???????????? ??? ????
et al. Immunohistochemical detection 
of MYC protein correlates with MYC 
????????????? ?????????????????????????-
???????????????? ????????????????????
116. Chisholm KM, Bangs CD, Bacchi CE, et 
???? ???????? ?? ????? ?? ??? ???? ?????? ?
and MYC gene rearrangement in lym-
???????? ??? ?? ????? ???????? ?????? ????
????????
????? ???? ??? ?? ???????? ?????????? ?????? ????
?????????????????? ? ???????????????????
and BCL6 expression predicts outcome 
in diffuse large B-cell lymphoma. Blood. 
????????????????????
?????????? ?? ?????????????? ?????????????????
Clinicopathological features of dou-
ble-hit B-cell lymphomas with MYC and 
????????????????????????????????????
?????????????????????????????
????? ?????????????????? ???? ?????? ?????
DR, et al. Scoring of MYC protein ex-
pression in diffuse large B-cell lympho-
mas: concordance rate among hema-
???????? ??????? ???? ???????? ?????? ????
???????
??????????????????? ????????????????????
??????????? ?????? ???????? ?? ??? ?? ??
?????? ??????? ??????????? ????? ???????
??? ????????????????
????? ??? ??????????????????? ??????????? ??
on Challenging Targets: Making MYC 
???????? ?? ??? ???? ??? ? ?????? ?????
?????????????????????
??????? ??????? ?????????????????????????????-
lecular weight inhibitors of Myc-Max 
interaction and function. Oncogene 
?????????????????
????? ???? ??????? ???????? ?????????????? ?-
tion of CDK1 as a potential therapy for 
???????????????????? ???????????????
?????????????????
????? ??? ??????? ??????? ??? ??????????? ???????
???????????????????? ?? ? ? ??? ? ????-
?????? ??????? ??????? ??? ???????? ? ? ?????
????? ???? ? ?? ??? ??? ?? ???? ????? ??????
????????????
????? ?? ???????????????????????????????????
?????????? ?????????? ??????????? ????? ? -
????? ??? ????? ????????????? ?? ???????
??????????????????????????????????????????
??????????
????? ???????????? ??????????? ??????????????-
??? ????????????? ?????? ?????????? ?? ????
??? ???????????????? ????? ???????????? ??? ?
?? ??????? ???????????????????????
??????????? ??? ????? ? ?? ??? ??????????? ?? ???
??????? ?????? ???????? ????? ? ?? ??? ???
??????????????????????????????
????? ??? ?????????????????? ??????? ??? ???????
Chemical-genetic analysis of cyclin de-
???????? ?? ???? ?? ?????? ?? ???????? ???
important role in cellular transformation 
by multiple oncogenic pathways. Proc 
????? ???????? ???? ????? ???? ??????????
?????????? ?? ???? ???? ? ??? ?????? ??? ??? ????
??????? ??????????????????????????????? -
??? ?????????????????????????? ??????? ????
??????????? ??? ??? ???????????????????????
??????????????? ???? ??????????????????????-
tic potential of a synthetic lethal inter-
action between the MYC proto-onco-
gene and inhibition of aurora-B kinase. 
????? ????? ????? ???? ????? ?????? ?????
?????????
??????????????? ??? ????? ??? ?????? ??? ??? ????
Small molecule inhibitors of aurora-a 
induce proteasomal degradation of 
N-myc in childhood neuroblastoma. 
?????????????????????????????
????? ???????????????????? ????????????-
???? ???? ??? ???? ???? ??? ?? ?????????? -
?????? ????? ?????? ??????? ???? ???? ??? ?-
????? ????? ?? ??? ??????????? ???????? ????
??????? ????? ????????????????????
????? ?????????????? ??????????? ???????????
???? ???????? ?? ??? ?? ??????? ????? ????
by c-Myc in Burkitt lymphoma. PLoS 
????????????????????????
????? ??? ??? ?? ??? ??????? ? ???? ???? ??? ???
et al. Burkitt lymphoma beyond MYC 
?????? ???? ??? ?????? ???? ????????-
yltransferases dysregulation.BMC Can-
???????????????????
